The impact of climate change on the coastal zones of Taiwan not only affects the marine environment, ecology, and human communities whose economies rely heavily on marine activities, but also the sustainable development of national economics. The southwest coast is known as the area most vulnerable to climate change; therefore, this study aims to develop indicators to assess social vulnerability in this area of Taiwan using the three dimensions of susceptibility, resistance, and resilience. The modified Delphi method was used to develop nine criteria and 26 indexes in the evaluation, and the analytic hierarchy process method was employed to evaluate the weight of each indicator based on the perspectives of experts collected through questionnaire surveys. The results provide important information pertaining to the vulnerability of the most susceptive regions, the lowest-resistance areas, and the least resilient townships on the southwest coast. The most socially vulnerable areas are plotted based on the present analysis. Experts can consider the vulnerability map provided here when developing adaptation policies. It should be kept in mind that improving the capacities of resistance and resilience is more important than reducing susceptibility in Taiwan.
Introduction
Over the past few years, climate change has become the most challenging global issue of this century [1] . The risk brought about by climate change and its imperativeness is recognized on an international level [2] . About two-thirds of major cities worldwide-in which 40% of the world's population lives-are situated within 60 miles of a coastline. Note that climate change directly or potentially impacts coastal populations in terms of their ecosystems and natural environments [3, 4] . Extreme weather, ocean climate conditions, and coastal disasters resulted in severe losses in and damage to the coastal areas worldwide [5, 6] . Moreover, approximately 100 million people live in areas located less than 1 m above sea level [7, 8] . In Asia, particularly, many people are threatened by flooding, where about 60,000 lives were taken and two million people were impacted by floods during
Climate Change in Taiwan
The present study focuses on the cities located on the southwest coast, which are within zones regulated by integrated sustainable coastal zone development plans. Figure 1 shows the counties in the coastal area, namely Chiayi, Tainan, Kaohsiung, and Pingtung. Demographic data provided by Hsu et al. [28] indicates that the population has decreased over the past 10 years. Tainan City districts have the highest population densities in Taiwan, and within these districts, the most densely populated is Anping District, with 5477 people per km. 
Methodology
Previous studies [12, 13, 15, 16] suggest that social vulnerability relates to society's resistance, resilience, and the potential susceptibility of local areas to hazard. Therefore, the dimensions of social vulnerability in this study include susceptibility, resistance, and resilience. [28] . For changes to the waves and storm surges caused by typhoons, Hsu et al. (2011) applied wind wave modeling (WWM) and the typhoon surge model to simulate the maximum wave height and maximum tide level near the Zengwun River and Kaoping River outlet for recent years (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) and target years (2020-2039). The results revealed that the maximum wave height and maximum tide level would increase 45% and 39% for Chiayi and Tainan and 50% and 27% for Kaohsiung and Pingtung.
Flood Simulation
A coastal flooding simulation for the southwest coast was conducted by Hsu et al. (2011) using the integrated WASH123D model of the 1D Stream-River Network, 2D Overland Regime, and 3D Subsurface Media [28] . The boundary conditions of the simulation included flooding in coastal areas, upstream rainfall, downstream typhoon surges, and wave topping. The results indicate that the Kaohsiung Township, Cheting District, Agongdian River, Zuoying District, Kaohsiung River, and Xiaogang District are prone to floods because of low-lying terrain where the surface elevation of most aquiculture and agriculture land areas is less than 2 m. In Pingtung, areas downstream of the Donggang River, Linbian River, and Fangliao coast also have a higher potential for flooding given the imperfect drainage system of sea walls or land subsidence.
Methodology
Previous studies [12, 13, 15, 16] suggest that social vulnerability relates to society's resistance, resilience, and the potential susceptibility of local areas to hazard. Therefore, the dimensions of social vulnerability in this study include susceptibility, resistance, and resilience.
The study builds a candidate indicator group (Table 1 ) grounded in numerous local and international empirical studies [19, 32, 33] and provides the background to the southwestern coastal areas of Taiwan. Finally, the modified Delphi method and analytic hierarchy process method are employed in the selection of indicators, the allocation of the weight of each indicator, and the aggregation of indicators, respectively. 
Selection of Indicators
A five-point Likert scale questionnaire was adopted in the modified Delphi method [34] and questionnaire surveys were conducted on 15 scholars selected according to their profession and experience. Of these, 11 respondents replied three times (Appendix A). A score of 1 indicates strong disagreement with an indicator, while a score of 5 means strong agreement with an indicator. When the indicator averaged greater than 4, an indicator was accepted after achieving common consensus and was subsumed in the indicator group directly on the basis of the results of the surveys. If the average was less than 3.5, an indicator was omitted. If the mean value was between 3.5 and 3.9, the indicator progressed to the next round [35] . The respondents also added one indicator after the first round.
A total of 29 indicators was selected in this study (Appendix A) on the basis of the results of the questionnaires and available data [36] [37] [38] [39] . If the data of an indicator was unavailable, it was deleted.
Uniform Transformation of Indicator Variables
By means of a logic dichotomy, indicators were categorized into positive or negative values and then were processed in accordance with the principle of uniform transformation of indicator variables. If the original numerals were high and positively correlated with vulnerability, then the uniform score "p" was recognized as the probability of its standard normal curve and its homologous standard normalized Z score. If the indicator was negatively correlated with vulnerability, the evaluating score was "1 − p". Therefore, a higher p score indicates higher vulnerability.
Allocation of Weight
The paired comparison approach was used to establish a hierarchical structure for a gradual analysis problem in the analytic hierarchy process method. The relative relation of indicators was evaluated by respondents for determining the weight of each indicator [40, 41] . In the questionnaire, the relative importance can be divided into nine levels. Therefore, the levels of importance differ. By means of a consistency index (CI), this study examined the consistency of the overall hierarchy structure [42] , for which the calculation formula is as follows:
where λ max is the maximum eigenvalue of A. The best situation is CI < 0.1 [40] . A paired comparison of the element and criteria of each level on the basis of importance was completed after the consistency test, and then we defined the importance and weight of each indicator (Figure 1 ).
Aggregation and Visualization
The aggregative index of dimension Si is defined by:
where S ij (t) is the value of the indicator and W ij is the weight value of the indicator. Finally, the Super GIS was employed to visualize the distinct levels between these 35 coastal townships.
Results

Significant Criteria and Indicators
For susceptibility (Q1), the criterion of social structure (C1) weighted the highest at 0.418, and economic construction (C3) the lowest at 0.129. For the indicators, the ratio of solitary elders (I8) weighted the highest at 0.032, and the ratio of females the lowest (I5) at 0.005, suggesting that solitary elders are most exposed to climate changes and should be prioritized in precautionary actions Figure 1 ). For resistance (Q2), the criterion of precautionary facilities (C6) weighted the highest at 0.772, and medical relief (C5) the lowest at 0.228. In terms of indicators, the amount of water rescue equipment (I17) weighted the highest (0.101), while the number of hospital beds (I15) scored the lowest weight (0.016), indicating that water rescue equipment is essential in resisting coastal disasters (Figure 1) . Finally, for resilience (Q3), disaster awareness (C9) is the criterion with the highest weight at 0.647, while level of education (C8) scored the lowest (0.154). For the indicators, disaster prevention awareness (I28) weighted the highest at 0.108, and the ratio of the illiterate population the lowest (I5) at 0.002. This implies that raising awareness should be emphasized, as shown in Figure 1. 
Susceptibility
Generally, the higher the susceptibility index, the more vulnerable the society. Based on the analyzed results presented in Table 1 , the most exposed regions are located in Zuoying in Kaohsiung Table 1 .
Resilience
Note that the higher the resilience index, the less vulnerable the society. Table 1 , it is interesting to note that Anping also ranks the highest (0.969) in terms of the level of education (C8), while Dongshi Township in Chiayi ranks the lowest (0.108). As for the disaster awareness indicator (C9), the highest and lowest ranked are Fangshan Township in Pingtung (0.911) and Checheng Township in Pingtung (0.182), respectively. in Kaohsiung ranks the highest (0.966) for economic structure (C7), and Anping District in Tainan ranks the lowest (0.229). In Table 1 , it is interesting to note that Anping also ranks the highest (0.969) in terms of the level of education (C8), while Dongshi Township in Chiayi ranks the lowest (0.108).
As for the disaster awareness indicator (C9), the highest and lowest ranked are Fangshan Township in Pingtung (0.911) and Checheng Township in Pingtung (0.182), respectively. 
Social Vulnerability
A higher social vulnerability index results in a more vulnerable township. The results for vulnerability are presented in Figure 5 . We note that Dongshi Township in Chiayi is the most vulnerable (0.641), because it ranks relatively lower for resistance (fifth lowest) and resilience (12th lowest), but higher for susceptibility (seventh highest). The social vulnerability of the Annan District in Tainan is ranked second highest (0.624), because it ranks fourth lowest for resilience and ninth highest for susceptibility. Following this are Budai Township in Chiayi (0.620), Checheng Township in Pingtung (0.613), and Mituo in Kaohsiung (0.608), as they rank in the lowest five for resistance and resilience. The five townships with the lowest vulnerability in Taiwan's coastal regions are Qianzhen in Kaohsiung (0.348), Gushan in Kaohsiung (0.390), the Central West District of Tainan (0.405), Fangshan Township in Pingtung (0.415), and Anping District in Tainan (0.416), as shown in Figure 5 and Table 1. A higher social vulnerability index results in a more vulnerable township. The results for vulnerability are presented in Figure 5 . We note that Dongshi Township in Chiayi is the most vulnerable (0.641), because it ranks relatively lower for resistance (fifth lowest) and resilience (12th lowest), but higher for susceptibility (seventh highest). The social vulnerability of the Annan District in Tainan is ranked second highest (0.624), because it ranks fourth lowest for resilience and ninth highest for susceptibility. Following this are Budai Township in Chiayi (0.620), Checheng Township in Pingtung (0.613), and Mituo in Kaohsiung (0.608), as they rank in the lowest five for resistance and resilience. The five townships with the lowest vulnerability in Taiwan's coastal regions are Qianzhen in Kaohsiung (0.348), Gushan in Kaohsiung (0.390), the Central West District of Tainan (0.405), Fangshan Township in Pingtung (0.415), and Anping District in Tainan (0.416), as shown in Figure 5 and Table 1. 
Discussion
As shown by the coastal vulnerability assessment at the township level, Chiu (2010) indicated that the west coast is more vulnerable than the east coast, as is the south coast compared to the north coast [43] . The Yancheng and Qijin Districts are the most vulnerable areas [43] . assessed that coastal damage is mostly caused by the increased frequency and intensity of typhoons and the rising sea level [44] . Therefore, social vulnerability is the most significant aftermath of natural disasters, which is demonstrated by the coping mechanisms and resilience of different social groups. For example, this study demonstrates that while municipalities and townships in Chiayi are prone to flooding, they are less vulnerable because their communities are more resistant to disasters. While no one is exempt from natural disasters, the underprivileged are the group most at risk because of their lack of preparedness for such emergencies, poor housing conditions, and lack of access to resources consequent to isolation from society and policy-making. The prevention of natural disasters and relief from the resultant damage include hydrological and climate conditions, as well as socioeconomic and political factors [45] [46] [47] . Understanding influential factors when struck by a natural disaster is crucial to the development of effective coping strategies [27] .
The southwest coastal area suffers most from typhoons, heavy rain, land subsidence, seawater in-welling, and poor drainage. revealed that the Changhua, Yunlin, Tainan, and Pingtung Townships are the most vulnerable on Taiwan's southwest coast [39] . For the socioeconomic dimension, Hsu et al. (2001) suggest that the Anping District in Tainan is highly vulnerable, because of its high population density [28] . It is evident that the present study differs from Li (2009) and Hsu et al. (2011) in the selection of indicators [28, 48] . Moreover, the scope also differs from a study by Li (2009) which focused on the municipality level, as this investigation focuses on the township level [48] . By selecting three dimensions, nine criteria, and 29 indicators, and allocating weights accordingly, this study better assesses social vulnerability than the preceding two studies mentioned. The difference is that the present study employed the modified Delphi method to select indicators, and used the analytic hierarchy process to allocate weights. This method better clarifies the hierarchy of precautionary measures. Furthermore, the calculation of weights quantifies vulnerability, and thus provides a tangible illustration of regional differences.
As shown by the analytic hierarchy process (AHP) analysis, these results demonstrate that most experts emphasize that the existing social structure may significantly contribute to exposure to climate change in the coastal areas of Taiwan. Furthermore, increasing precautionary facilities and disaster awareness were prioritized to decrease socioeconomic vulnerability to climate change. In addition, the weight of the resistance index is greater than the weights of the resilience and susceptibility indexes, respectively, implying that the latter two are more influential. The top five vulnerable districts do not overlap with the five most exposed areas, although they are the least resistant or resilient. Therefore, both resistance and resilience are more influential and should be addressed when decreasing vulnerability. Accordingly, coastal areas need more resources to improve their capacities for resistance and resilience when designing relevant strategies. Furthermore, Hsu et al. estimate coastal hazards using three dimensions [28] : (1) artificial facilities (relative ratio of seawall length, relative ratio of seawall height, relative ratio of tidal gate); (2) environmental geography (elevation, slope, tidal range, rate of land subsidence, rate of coastal erosion, and land usage); and (3) socioeconomics (population density, relative value of education, rate for providing support to the elderly, and enterprise return). For the environmental geography dimension, the most vulnerable are the townships of Dongshi and Budai of Chiayi, Qigu of Tainan, and Xinyuan, Linbian, and Jiadong of Pingtung. Comparing the results from Hsu et al. and the present study, Dongshi and Budai of Chiayi are exceptional, as they are vulnerable in both dimensions. To adapt the impacts of climate change, buffer zones should be planned. The adaptation could dissipate wave energy and allow a wide space for shoreline changes in different wave climates. In the present social vulnerability assessment, decision-makers not only access physical vulnerability such as precipitation, terrain, and typhoons, but also measure vulnerabilities in terms of economic scale and resilient capacity after natural disasters. This information is beneficial in terms of improving the allocation of public resources.
Finally, previous studies [19, [22] [23] [24] [25] [26] 48, 49] usually employed quantified indicators in the assessment of social vulnerability. However, this approach has some limitations, including the impossibility of quantifying certain factors such as social capital, and the unfeasibility of evaluating vulnerability [50] . In addition, database availability is a major limitation in the use of indicators. The present study employs the analytic hierarchy process to calculate the weights of each indicator. This enhances the understanding of the importance various stakeholders associate with each indicator. However, this is also limiting in some aspects. For example, it relies mostly on second-hand data, with the exception of information collected through the questionnaires. Given the limited availability and accuracy of data, the assessment of social vulnerability may not be completely accurate. Moreover, this study only presents the average at the township level, which is not applicable to the household or individual levels. The scale of indicator selection may be purposely oriented [46, 47] . Indicators at these levels could reflect practical situations [51] . Future investigations could be conducted regarding the vulnerability of households or individuals.
Conclusions
This study employed the fuzzy Delphi method and analytic hierarchy process to develop nine criteria and 26 indexes to evaluate the susceptibility, resistance, resilience, and social vulnerability of 35 townships in the southwest coastal area of Taiwan. The study indicated that the five most vulnerable districts are the Dongshi Township in Chiayi (0.641), Annan District in Tainan (0.624), Budai Township in Chiayi (0.620), Checheng Township in Pingtung (0.613), and Mituo District in Kaohsiung (0.608). These results (Table 1) demonstrate that a susceptible social structure and underprivileged groups are factors with the most potential for vulnerability to climate change in Taiwan's southwest coastal area. Furthermore, the five most vulnerable districts do not match the five most susceptible ones; therefore, the resistance and resilience indexes are more influential than the susceptibility index. The most significant criteria were identified as precautionary facilities (0.308), disaster awareness (0.233), and social structure (0.101). Social vulnerability is part of vulnerability in the broad sense, corresponding to non-social vulnerability. Social vulnerability comprises three dimensions. Resistance is the ability to secure one's properties, as calculated through an assessment of an individual/household member's awareness of disasters and precautionary actions. As awareness is intangible, the variables are disaster experience, age, and gender. In contrast, this study conducted a sample survey in 35 regions on the awareness of climate change, preparedness against disasters, and psychological vulnerability of local residents. These three factors are more relevant to disaster awareness in terms of conducting education and disaster drills to promote awareness and enhance preparedness. Consequently, the authors concur that the vulnerability indicator is a practical and useful tool to increase decision-makers' understanding of physical vulnerability and resilient capacity to the impacts of climate change. Furthermore, it is beneficial for improving the allocation of resources and reducing risks. 
